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Descripti n 

Th pr sent invention r lates to vaporiz rs useful for vaporizing liquids having a boiling p int abov 
ambient temperature, and more particularly to a vaporizing apparatus useful with vacuum syst ms in which 
s adjustably controlled amounts of a vaporized liquid may be flowed into the vacuum system. 

A variety of organic compounds are usefully introduced into a vacuum system to coat substrates. For 
example, styrene can be heated above its boiling point (145-1 46 *C), fed into a plasma glow discharge, and 
deposited as a replica film on a specimen for electron microscopy, as disclosed in U.S. Patent 4,447,374. 
issued May 8, 1984, inventor Tanaka. A delivery system for delivering hexamethyldisilaxane vapor by a 
jo carrier gas or vacuum suction in the range of 133.3 Pa (one Torr) has recently been described by a product 
data sheet of J.C. Schumacher Company, Oceanside, California. This delivery system is used in semicon- 
ductor photolithography processing as a priming agent to enhance photoresist adhesion during wafer 
patterning. 

Sacher et al., U.S. Patent No. 4,557,946, issued December 10, 1985, describes use of plasma 
75 polymerized coatings from organosilicon compounds to form a moisture barrier on the substrate by heating 
the substrate and controlling the plasma power level. Wertheimer et al., U. S. Patent No. 4.599,678, issued 
July 8, 1986, discloses use of an organosilicon in a glow discharge to coat thin film capacitors when these 
substrates are heated to a temperature in excess of 50" C. 

Vaporizing systems for such glow discharge uses have sometimes introduced the vapor through a 
20 needle valve, and the liquid has typically been vaporized either by simply heating a liquid reservoir or in 
response to the pressure difference when coupled to a vacuum system. 

These prior known devices do not provide for a precisely controlled, substantially continuous and 
monitored delivery of vapor flow into an associated vacuum system. 

U.S. Patent No. 3458948. discloses an apparatus for producing an aerosol. The apparatus includes a 
25 liquid reservoir and a pump for supplying the liquid to a heat exchanger. The heat exchanger includes a 
pair of electrical heating elements mounted within the body of the heat exchanger. The temperature is 
controlled using a thermostat mounted on the surface of the heat exchanger. The body of the heat 
exchanger defines a central tapered passage in which a core is removably mounted. A helical groove is 
formed within the surface of the core and defines a helical passageway. A nozzle member is mounted at 
oo the forward end of the passageway. Liquid is pumped from the reservoir into the heat exchanger. The liquid 
flows along the helical passageway and is heated by the heating elements. The heated liquid is discharged 
through the nozzle means and immediately vaporises. The liquid travelling through the heat exchanger 
within the helical formed passageway does not vaporise until discharged through the nozzle means. 

Our co-pending application 0299752 discloses a process of depositing a thin film of a material on a 
35 substrate in a chamber where a plasma is formed with a plurality of controllable process parameters. 

Our co-pending application 0299754 discloses a method of plasma enhanced silicon oxide deposition 
which utilises the apparatus described and illustrated in this specification. 

It is an aim of the present invention that a vaporizing apparatus provide precisely controlled flows a gas 
by vaporising a volatile liquid with the flowing gas being substantially continuous at a predetermined, 
40 monitored flow rate. 

According to the present invention a vaporizing apparatus useful for delivering a controlled flow of 
vapour comprises a fluid passageway defining an inlet and an outlet; means for pumping metered quantities 
of a liquid having a boiling point above ambient temperature from the inlet towards the outlet; means for 
vaporizing the liquid, the vaporizing means being in fluid communication with the passageway downstream 

45 of the pumping means, the vaporizing means including a heat sink layer, a heated layer, and a portion of 
the passageway sandwiched therebetween; means for flowing the vaporized liquid towards the outlet while 
maintaining the flow at a predetermined flow rate; and means for controlling a pressure drop in the 
passageway of vaporized liquid upstream of the flowing means. 

In a preferred embodiment, the vaporizing apparatus comprises a fluid passageway along which are a 

so pumping means, a vaporizing means, and a flowing means, all in fluid communication with the fluid 
passageway. The pumping means pumps metered quantities of a compound being liquid at ambient 
temperature from a liquid reservoir towards the vaporizing means. The vaporizing means vaporizes the 
liquid when pumped from the pumping means and includes a heat sink layer, a heated layer and a portion 
of the passag way sandwiched th r betw n. The flowing m ans flows th vaporiz d liquid at a pred ter- 

55 mined flow rate from th vap rizing means towards the outlet. Control m ans is provided upstream of the 
flowing m ans for controlling the pressure drop in the fluid passageway of vaporized liquid. 

The vaporizing apparatus can sustain a flow of organosilicon vapor to within about ±0.1% for flow rates 
up to about of 1 00 SCCM for as long as desired and may be seal d up in siz for larger flow rates. Whil 
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the vaporizing apparatus is exemplified in association with a vacuum system for plasma enhanced vapor 
d position, it may be readily modified f r oth r vacuum or atmospheric applicati ns. 

An embodiment of the invention will n w be d scribed, by way f exam pi , r fer nee being made to 
the Figures of the accompanying diagrammatic drawings in which:- 
5 Figure 1 is a general schematic diagram Illustrating a plasma system with which the present invention in 
useful; 

Figure 2 schematically illustrates a side sectional view of a plasma deposition chamber and its 
associated equipment, including an embodiment of the invention; 
Figure 3 schematically illustrates a side view of an inventive embodiment; and 
w Figure 4 is a perspective view, partially broken away, of an element of a preferred embodiment. 

Referring to Figure 2. a vaporizing apparatus 71 may be assembled with a vacuum system. However, it 
should be understood that the vaporizing apparatus 71 may be used with a wide variety of liquids at 
ambient temperature (that is, having a boiling point above ambient temperature) whenever controlled flow 
rates of the vaporized liquid are desired, and may be utilized with systems other than the illustrated vacuum 
75 system. The vacuum system with which vaporizing apparatus 71 is usefully associated will now be briefly 
described. 

Referring initially to Figure 1 , a system is schematically illustrated that includes an enclosed reaction 
chamber 11 in which a plasma is formed and in which a substrate, such as substrate 13, is placed for 
depositing a thin film of material on it. The substrate 13 can be any vacuum compatible material, such as 

20 metal, glass, some plastics and other coated substrates. One or more gases are supplied to the reaction 
chamber by a gas supply system 15. An electric field is created by a power supply 17, and a low pressure 
is maintained by a pressure control system 19. An optical emission spectrometer 21 is connected through 
an optical fiber light transmission media 23 to the reaction chamber in some appropriate manner to couple 
the visible and near visible emission of the plasma to the spectrometer. A quartz window 24 in a side wall of 

25 the reaction chamber can be used to optically couple the plasma emission with the external fiber medium 
23. A general system control 25, including a computer control portion, is connected to each of the other 
components of the system in a manner to receive status information from them and send controlling 
commands to them. 

The reaction chamber 11 can, in the system of Figure 1, be of an appropriate type to perform any of 

30 the sputtering, plasma-enhanced chemical vpor deposition (PECVD), plasma polymerization processes or 
other vacuum thin film deposition processes. A more detailed explanation of certain components of the 
system of Figure 1 will now be given with respect to a PECVD or plasma polymerization process. 

Turning to Figure 2, the reaction chamber 1 1 is divided into a load lock compartment 27 and a process 
compartment 29 by an isolation slit valve 31. The pressure control system 19 includes a mechanical pump 

35 33 connected to the load lock chamber 27 by a valve 35. The pressure control system also includes 
diffusion pumps 37 and 39, and an associated mechanical pump 41 . The diffusion pump 37 is connected to 
the load lock chamber 27 through an isolation gate valve 43 and an adjustable baffle 45. Similarly, the 
diffusion pump 39 is connected to the process chamber 29 through an isolation gate valve 47 and an 
adjustable baffle 49. The baffle 49 is controlled by the system control 35, while a coating process is being 

40 carried out, in order to maintain the internal pressure at a desired value. 

A substrate to be coated is first loaded into the load lock compartment 27 with valve 31 closed. The 
mechanical pump 33 then reduces the pressure most of the way to an operating pressure. The diffusion 
pump 37 is then operated to reduce the pressure further, to its final operating pressure. That operating 
pressure is typically in the neighbourhood of 6.12 x 10~ 3 Pa (46 microns) for a PECVD or plasma 

45 polymerization process. During loading and unloading operations, the diffusion pump 39 maintains the 
deposition chamber 29 at the operating pressure. Once the load lock chamber 27 is reduced to that 
operating pressure, the valve 31 is opened and the substrate 13 moved into the deposition chamber 29. 

Provision is made for moving the substrate 13 back and forth through a region 51 where a plasma is 
formed. In the example system being described, this is accomplished by a plurality of rollers 53, preferably 

so made of aluminium having Viton 0-ring spacers or similar material, that are driven by a motor source (not 
shown) to rotate about their axes and thus move the substrate 13. A typical deposition process involves 
passing the substrate 13 back and forth through the plasma 51 a number of times in order that the thin film 
deposited on the top of the substrate 12 has a uniform thickness. 

A magnetron is positioned within the chamber 29, formed of a magnetic structure 55 and a cathode 57. 

55 The pow r supply 17 has its output connected between the cathode 57 and a m tallic body of the reaction 
chamber 29. The magn tron creates an appropriate combination of magnetic and electrical fields in the 
region 51 in order to create a plasma th r wh n the proper gases are introduced into th r action chamber 
29. The substrat 13 is maintained electrically isolated and is passed dir ctiy through the plasma region 51. 
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The gaseous components necessary for the plasma to f rm in th r gion 51 are introduced into the 
d p sition chamb r 29 by a conduit 59. A tub (not shown) having a plurality of gas supply n zzles along 
its length is position d across the width of the chamber 29 (in a direction into the paper of Figure 2) at the 
position where the conduit 59 enters the chamber. That gas flows within the deposition chamber 29 from 
s the supply tube to the diffusion pump 39, as shown in dotted outline in Figure 2. It has been found 
preferable to Introduce the gas on the side of the plasma region 51 that is closest to the pump 39. A pair of 
baffles 61 and 63 on either side of the magnetron also helps to confine the gas flow to the plasma region 
51. 

A particular gas supply system 15 that is connected to the conduit 59 depends, of course, on how 

ro many gases are being combined and their nature. In the example of Figure 2, two separate sources 65 and 
67 of gases under high pressure are utilized, fewer or additional such gas sources being necessary for 
other processes. Also, in this particular example, a source 69 of a liquid material to be vaporized is 
provided. The inventive vaporizing apparatus 71 provides the desired flow of vapor into the input conduit 59, 
such as in accordance with a control signal from the system control 25. Similarly, the high pressure gases 

rs 65 and 67 may be delivered through individually controlled flow meters 73 and 75, respectively. 

Turning to Figure 3, the vaporizing apparatus 71 comprises a fluid passageway 212 defining an inlet 
214 and an outlet 216. Inlet 214 is where the liquid is introduced into vaporizing apparatus 71 from a liquid 
source 69, or reservoir, and outlet 216 is where controlled flow of the vaporized liquid may be delivered to 
an associated vacuum system or other desired system. 

20 Means 220 for pumping metered quantities of the liquids is in fluid communication with the fluid 
passageway 212 and is adjacent to inlet 214. Pumping means 220 may be a metering pump 222 disposed 
downstream of inlet 214. For example, when vaporizing apparatus 71 is intended to deliver flow rates 
between about 1 and 100 SCCM (standard cubic centimeters per minute), then metering pump 222 should 
pump about 1 to 1000 ul per cycle. Where a vapor pressure of about 21328 Pa (160 Torr) is desired 

25 downstream, then the metering pump 222 will typically pump about once or twice per minute. The pumping 
rate is preferably controlled by a pressure sensor 224 downstream of pumping means 220 and in fluid 
communication with fluid passageway 212. 

As may be seen in Figure 3, means 226 for vaporizing the liquid is in fluid communication with fluid 
passageway 212 downstream of pumping means 220. 

30 Turning to Figure 4, vaporizing means 226 includes a heat sink layer 228, a heated layer 234, and a 
portion 212a of passageway 212 is sandwiched therebetween so as to thermally transfer excess heat from 
heated layer 234 to heat sink layer 228. 

Passageway portion 212a must be of a length sufficient for vapor buildup in order to deliver 
substantially continuous vapor flow downstream of vaporizing means 226. For example, when delivering 

35 vapor flows of between about 1 to 100 SCCM, a length of at least about 17.78 x 10" z m (7 inches) when 
portion 212a is 0.635 x 10~ z m (0.25 inch) in diameter is sufficient, and more preferably the portion 212a Is 
about 0.6096 to 0.9144m (two to three feet). 

Heat sink layer 228 is formed of a highly heat conductive material, such as for example, copper 
configured as tubing 230. When heat sink layer 228 is tubing 230, then passageway portion 212a is 

40 preferably wound in a spiral along the outer surface 235 of tubing 230. 

Passageway portion 21 2a must be in good thermal contact with heat sink layer 228, such as by silver 
soldering to tubing 230. An inside 235 of tubing 230 may be left open to ambient air in order to permit the 
excess absorbed heat from passageway portion 212a to be dissipated. 

Heat sink layer 228 is preferably tubing 230 due to availability for fabrication, but could be planar or 

45 differently configured. Vapor exits vaporizing means 226 in passageway 212 when associated with a 
vacuum system for vapor deposition typically at a vapor pressure of about 21328 Pa (160 Torr). 

Heated layer 234 may be composed of a flexible, resistant wire wrapped in a high heat resistant 
covering, sometimes hereinafter referred to as "heating tape". Heated layer 234 is operatively associated 
with a temperature controller 240 adapted to maintain heated layer 234 at a temperature above the boiling 

so point of the liquid, and where heating tape is used, is heated by power supply 241. For example, useful 
liquids for plasma enhancement deposition include vinyltrimethylsilane, with a boiling point of 55.5* C, and 
hexamethyldisilizane, with a boiling point of 127*C. Temperature controller 240 preferably includes a 
thermocouple 242 that is attached, as by soldering, to heat sink layer 228, and is preferably located near an 
output 244 of vaporizing means 226. 

55 Vaporizing means 226 pref rably further includes a thermal barri r layer 246 enveloping a portion 234a 
of heated layer 234 adjacent output 244 and may be formed, for example, of a glass fiber blanket covered 
by aluminium foil. Where, for example, heat sink lay r 228 is configured as tubing 230, then portion 234a 
may be about half of the I ngth of tubing 230. Thermal barri r layer 246 functions to ensure that vaporized 
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liquid exiting passag way portion 212a does not condense. 

Returning t Flgur 3, upstream of outlet 216 Is means 260 f r flowing the vaporized liquid at a 
predet rmined flow rate towards utlet 21 6. Flowing m ans 260 pr f rably includ s a control valve 262 and 
a flow meter 264. Control valve 262 may be a sol n id valv r a pi zoelectric valv . Row m t r 264 is 

5 adapted to compare a preselected flow rate with an actual output and to make appropriate corrections until 
the flow output equals the preselected input. A preferred flow meter 264 operates as described by U.S. 
Patent 4,464,932. issued August 14, 1984, inventors Ewing et al., incorporated herein by reference. 

Row meter 264 is in an electronic feedback loop with control valve 262, so as to electronically signal 
the opening and closing control valve 262 to prevent condensation of the vapor within flow meter 264. It is 

10 important that control valve 262 be upstream of flow meter 264 because if control valve 262 were 
downstream of flow meter 264, then vapor could condense in flow meter 264 due to insufficient pressure 
drop. Control valve 262 functions to physically impede the vapor flow by increasing or decreasing a 
restriction in the passageway. Although control valve 262 is preferably electronically actuated, H could be a 
manually operated needle valve or the like. 

75 In addition to the necessary pumping means 220, vaporizing means 262 and flowing means 260, 
vaporizing apparatus 71 preferably includes means 270 for isolating the vaporized liquid from outlet 261 
upstream of the flowing means 260. Isolating means 270 may be a bellows valve 272 in fluid communica- 
tion with fluid passageway 21 2. Means 274 such as a needle valve 276 is provided in fluid communication 
with the fluid passageway 214 upstream of the flowing means 260 for controlling a pressure drop in the fluid 

20 passageway 214. Controlling means 274 may be a fixed constriction in fluid passageway 212, because a 
constriction could cause enough pressure drop so that even at room temperature the vapor would not 
condense. With a flow rate of about 10 to about 100 SCCM, for example, a pressure drop of from about 
21328 Pa (160 Torr) to about 1.333 Pa (0.01 Torr) is sufficient. However, use of needle valve 276 as the 
controlling means 274 permits adjustable control of the pressure drop, since the associated micrometer 

26 permits very fine adjustments for the flow conductance. Thus, the vaporizing apparatus can be used for a 
variety of volatile liquids. 

If the vaporizing apparatus 71 is not associated with a vacuum system, for example where outlet 216 
delivers vapor into a system at atmospheric pressure, then instead of the exemplified 21328 Pa (160 Torr), 
the pressure should be at about 133300 Pa (1.000 Torr), and the controlling means 274 would be set for a 
30 pressure drop to about 119970 Pa (900 Torr). 

The exemplified deposition chamber 29 had a size of 0.3048m by 0.3048m by 0.6096m (12 inches by 
1 2 inches by 24 inches), and the vaporizing apparatus 71 is believed to have a maximum flow rate of about 
700 SCCM for this dimensional scale which should be adequate for most applications. However, the 
vaporizing apparatus 71 is not limited to the exemplified dimensions since it can be readily scaled up. 
35 A preferred embodiment will now be exemplified. 

EXPERIMENTAL 

The vaporizing apparatus was in the configuration schematically illustrated by Figure 3. The metering 
40 pump was set to pump 10 microliters of organosol icon fluid at a pumping rate of about 1 -2 time per minute 
for a vapor pressure (before the pressure drop) of about 21328 Pa (160 Torr), as determined and controlled 
by a pressure sensor. The passageway had an I.D. of 0.635 x 10~ 2 m (0.25 inches), except where 
constricted by the valves or divided for flow rate metering. The passageway portion of the vaporizing means 
was about 0.6096 to 0.9144m (2 to 3 feet), spiraled along a 2.54 x I0~ 2 m (one-inch) I.D. copper pipe. A 
45 2.54 x 10~ 2 (one-inch) glass fiber blanket, further wrapped with aluminium foil, was wrapped around the 
downstream half of the vaporizing means. The heating tape, controlled by a Variac variable power supply, 
was maintained at 100* C. The needle valve was set to permit a flow conductance of 0.00762 x 10~ 2 m 
(0.003 inches). 

The flow meter and control valve were purchased as Model 1258B from MKS Instruments, Inc., 
so Burlington, Massachusetts, but the control valve was installed upstream of the flow meter. 

The chamber was evacuated to a base pressure of not greater than about 399.9 x 10~ 6 Pa (3 x 10~ € 
Torr). The load lock was vented to atmosphere while the chamber was maintained under high vacuum. Then 
the load lock was evacuat d with the substrate loaded th rein. Meanwhile, the vaporizing means had been 
heated to a constant temperatur of 100*C, had vaporized organosilicon therein, but was isolated by 
55 isolating means from th chamber until th gas inl t was opened. The flowing means was s t for the 
desired flow reading of organosilicon. The desired gas flows of the additional components were set on each 
component's flow controller, and the pressure in the chamber was adjusted to the desired value by 
adjusting a baffle over the diffusion pump. The load lock diffusion pump was closed and the valve isolating 
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the I ad lock and the chamber was op ned. After th pressure in the chamber stabiliz d, the power supply 
was turned on and adjusted to th d sired value. Thus, the glow discharge plasma is stablish d in the 
chamber. The pr ssure was again stabilized and adjusted if necessary. The desired proc ss conditions 
wer s lected (pow r, current and v Mage of th power supply, the pressur of th chamber, th 
organosilicon flow, and the pressure in the vaporizing apparatus). The substrate was then conveyed back 
and forth through the plasma region until the desired coating thickness was achieved while continuing to 
monitor the process conditions and making appropriate adjustments. 

EXAMPLE 1 

The gas stream composition shown below was flowed into the plasma within the chamber and 
deposited as a substantially inorganic, hard silicon oxide based film onto a clear glass substrate. A 
conveyor speed was 25.4 x 10~ 2 m (10 inches) per minute, and the power was 1,000 watts, 40KHz. The 
chamber pressure during the depositing was 6.12 x iO~ 3 Pa (46 microns) and the film was formed by 37 
passes of the substrate through the plasma over a period of 19 minutes. 

Table 1 



20 



25 



Gas Stream Composition (SCCM) 


Hardness 


Deposition Rate (A/minute) 


HMDSO 


9 + 


226 


35 O2 






46 He 






2.1 C3H6 






6.0 N 2 







30 



The HMDSO (hexamethyldisiloxane) was flowed into the chamber during the entire depositing at the 
carefully controlled and monitored 35 SCCM flow rate by means of the inventive vaporizing apparatus. The 
hardness value was tested in accordance, with ASTM D3363-74, with the numbers reported being based on 
a scale of 0 to 10 where 0 means the least scratch resistance and 10 means there was no damage to the 
coating when scratched. 
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1. A vaporizing apparatus (71) useful for delivering a controlled flow of vapor comprising: 

a fluid passageway (212) defining an inlet (214) and an outlet (216); 

means (220) for pumping metered quantities of a liquid having a boiling point above ambient 
temperature from the inlet (214) towards the outlet (216); 

means (226) for vaporizing the liquid, the vaporizing means (226) being in fluid communication with 
the passageway (212) downstream of the pumping means (220), the vaporizing means (226) including a 
heat sink layer (228), a heated layer (234), and a portion (212a) of the passageway (212) sandwiched 
therebetween; 

means (260) for flowing the vaporized liquid towards the outlet (216) while maintaining the flow at a 
predetermined flow rate; and 

means (274) for controlling a pressure drop in the passageway (212) of vaporized liquid upstream 
of the flowing means (260). 

2. The vaporizing apparatus as in claim 1 characterised by : 

means (270) for isolating the vaporized liquid from the outlet (216) upstream of the flowing means 
(260) and in fluid communication with the passageway (212). 

3^ Th vaporizing apparatus as in claim 1 or 2 characterised in that the passageway portion (212a) of the 
vaporizing means (226) is in heat conductive communication with the heated layer (234) and with th 
heat sink (228). 

4. The vaporizing apparatus as claim d in any one of the claims 1 to 3 characteris d in that the heated 
layer (234) of the vaporizing means (226) includes at least one temperature controller (240) adapted to 
maintain the heated layer (234) at a temperature above the boiling point of the liquid. 
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5. The vaporizing apparatus as claimed in any n of claims 1 to 4 characteris d in that the vaporizing 
m ans (226) include a thermal barrier (246) adjacent to the heated lay r (234) and outward with respect 
the passag way porti n (212a). 

5 6. The vaporizing apparatus as claimed in any one of claims 1 to 5 characterised in that the heat sink 
layer (228) is tubular, defines an outer surface, and the passageway portion (212a) is carried upon the 
outer surface. 

7. The vaporizing apparatus as claimed in any one of claims 1 to 6 characterised in that the flowing 
10 means (260) includes a flow meter (264) and a control valve (262) the flow meter (264) and control 

valve (262) being in fluid communication with the passageway (212) the control valve (262) being 
upstream of the flow meter (264). 

8. The vaporizing apparatus as in claim 7 characterised in that the flow meter (264) is adapted to open 
75 and close the control valve (262) to prevent condensation of flowing vapor within the flow meter. 

PatentansprUche 

1- Verdampfungsapparatur (71), anwendbar zur Lieferung eines geregelten Dampfstromes. umfassend: 
20 einen Fluiddurchtritt (212), der einen Einlafl (214) und einen AuslaB (216) abgrenzt; 

eine Einrichtung (220) zum Pumpen von abgemessenen Mengen einer FlUssigkeit, die einen Siede- 
punkt oberhalb Umgebungstemperatur besitzt, von dem Einlafl (214) in Richtung auf den AuslaB (216); 
eine Einrichtung (226) zum Verdampfen der Flussigkeit, wobei die Einrichtung (226) zum Verdampfen 
in Fluidverbindung mit dem Durchtritt (212) stromungsabwarts von der Pumpeneinrichtung (220) liegt, 
25 und wobei die Verdampfungseinrichtung (226) eine Warmesenkenschicht (228), eine Heizschicht (234) 
und einen Abschnitt (212a) des Durchtrittes (212) hierzwischen gesandwicht einschlieBt; 
eine Einrichtung (260) zum StrSmenlassen der verdampften FlOssigkeit in Richtung auf den AuslaB 
(216). wahrend die Strdmung auf einer vorbestimmten Strbmungsrate gehalten wird; und 
eine Einrichtung (274) zur Steuerung eines Druckabfalles in dem Durchtritt (212) von verdampfter 
30 Flussigkeit strSmungsaufwarts von der StrSmungseinrichtung (260). 

2. Verdampfungsapparatur nach Anspruch 1 , gekennzeichnet durch: 

eine Einrichtung (270) zur Isolierung der verdampften Flussigkeit von dem AuslaB (216) strdmungsauf- 
warts von der StrSmungseinrichtung (260) und in Fluidverbindung mit dem Durchtritt (212). 

35 

3. Verdampfungsapparatur nach Anspruch 1 oder 2, dadurch gekennzeichnet, da/3 der Durchtrittsabschnitt 
(212a) der Verdampfungseinrichtung (226) in warmeleitender Verbindung mit der Heizschicht (234) und 
mit der WSrmesenke (228) stent. 

40 4. Verdampfungsapparatur nach einem der AnsprUche 1 bis 3, dadurch gekennzeichnet, daB die Heiz- 
schicht (234) der Verdampfungseinrichtung (226) wenigstens einen Temperaturregler (240) einschlieBt, 
der dazu eingerichtet ist, die Heizschicht (234) auf einer Temperatur oberhalb des Siedepunktes der 
Flussigkeit zu halten. 

45 5. Verdampfungsaaparatur nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB die Ver- 
dampfungseinrichtung (226) eine Warmebarriere (246) angrenzend an die Heizschicht (234) und auBen 
in Bezug auf den Durchtrittsabschnitt (212a) einschlie/Jt. 

6. Verdampfungsapparatur nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB die Warme- 
so senkenschicht (228) r3hrenf8rmig ist. eine auBere Flache abgrenzt. und der Durchtrittsabschnitt (21 2a) 

auf der auBeren FI2che getragen ist. 

7. V rdampfungsapparatur nach einem d r AnsprOch 1 bis 6. dadurch gekennzeichnet. daB di Strd- 
mungs inrichtung (260) einen StrQmungsm sser (264) und in Regelv ntil (262) einschlieBt, wobei d r 

55 Strbmungsmesser (264) und das Regelventil (262) in Fluidverbindung mit dem Durchtritt (212) stehen, 
und das Reg Iventil (262) strSmungsaufwarts zum StrQmungsmesser (264) angeordnet ist. 

8. Verdampfungsapparatur nach Anspruch 7, dadurch g kennzeichn t. daB d r Stromungsmesser (264) 
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dazu ausgelegt ist, das Reg Iventil (262) zu 6ffnen und zu schli Ben, urn Kondensation des str 6 men- 
den Dampf s inn rhalb d s Stromungsmessers zu verhind rn. 

R vendications 

1. Dispositif de vaporisation (71) utilisable pour deiivrer un flux contrdle* de vapour, comprenant: 

un passage de fluide (212) d^finissant un orifice d'entree (214) et un orifice de sortie (216); 

des moyens (220) de pompage. de t'orifice d'entree (214) jusqu'a ('orifice de sortie (216), de 
quantity s mesur^es d'un liquide ayant un point d'ebullition superieur a la temperature ambiante; 

des moyens (226) de vaporisation du liquide, les moyens (226) de vaporisation etant en communi- 
cation fluidique avec le passage (212) en aval des moyens (220) de pompage, les moyens (226) de 
vaporisation comprenant une couche dissipatrice de chaieur (228), une couche chauffe'e (234), et une 
portion (212a) du passage (212) en sandwich entre ces deux couches; 

des moyens (260) pour faire ecouler le liquide vaporish vers I'orifice de sortie (216) tout en 
maintenant le flux a une vitesse d'e'coulement pr£d6termin€e; et 

des moyens (274) pour reguler une chute de pression dans le passage (212) du liquide vaporise en 
amont des moyens (260) d'ecoulement 

2. Dispositif de vaporisation selon la Revendication 1 , caract6rls6 par des moyens (270) pour isoler le 
liquide vaporise de I'orifice de sortie (216) en amont des moyens (260) d'ecoulement et en communica- 
tion fluidique avec le passage (212). 

3. Dispositif de vaporisation selon la Revendication 1 ou 2, caractSrlsS en ce que la portion (212a) du 
passage des moyens (226) de vaporisation est en communication thermoconductrice avec la couche 
chauff£e (234) et avec la couche dissipatrice de chaieur (228). 

4. Dispositif de vaporisation selon Tune quelconque das Revendications 1 a 3, caracterfsS en ce que la 
couche chauffSe (234) des moyens (226) de vaporisation comprend au moins un controleur de 
temperature (240) apte a maintenir la couche chauffee (234) a une temperature superieure au point 
d'ebullition du liquide. 

5. Dispositif de vaporisation selon Tune quelconque des Revendications 1 a 4, caractSrfsS en ce que les 
moyens (226) de vaporisation comprennent une barriere thermique (246) adjacente a la couche 
chauffee (234) et situ^e vers I'exterieur par rapport a la portion (212a) du passage. 

6. Dispositif de vaporisation selon Tune quelconque des Revendications 1 a 5, car acta rise en ce que la 
couche dissipatrice de chaieur (228) est tubulaire, dgfinit une surface externe, et la portion (212a) du 
passage est supported par fa surface externe. 

7. Dispositif de vaporisation selon Tune quelconque des Revendications 1 a 6, caracterise en ce que les 
moyens (260) d'ecouiement comprennent un debitmetre (264) et une vanne de regulation (262), le 
debitmetre (264) et la vanne de regulation (262) etant en communication fluidique avec le passage 
(212) et la vanne de regulation (262) etant en amont du debitmetre (264). 

8. Dispositif de vaporisation selon la Revendication 7, caract$ris£ en ce que le debitmetre (264) est apte 
a ouvrir et fermer la vanne de regulation (262) pour empecher la condensation de la vapeur s'ecoulant 
a I'interieur du debitmetre. 
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FIG 4. 



10 



